Acute respiratory distress syndrome (ARDS) is considered a frequent and serious lung disease that is continuously linked with an increase in both morbidity and mortality. Mechanical ventilation (MV) is considered as the gold standard therapy in the management of ARDS; although MV support is lifesaving, it is also associated with potentially harmful threats such as ventilator-induced lung injury (VILI). It is understood from the physiological background itself that VILI has a considerable impact on the prognosis of a patient. Therefore, the current studies show that focusing on key therapeutic elements causing over-distension of the available lung units is more imperative for indicating further damage than how much pressure is used to ventilate. In the past two decades, there has been an increasing trend toward using driving pressure (DP) in the management of ARDS patients in intensive care units (ICUs). Recent studies propose that measuring DP in ARDS patients, in addition to the other respiratory mechanics measurements, may support selecting and customizing appropriate ventilator parameters, which, in turn, improves patient outcomes and decreases mortality rate. Therefore, this review is intended to outline the physiological meaning of DP, the clinical measurement and application of DP and factors limiting DP. Furthermore, measuring DP in non-ARDS patients and recent clinical evidence for the use of DP in the ICUs will be discussed in detail.
IntroductIon
Acute respiratory distress syndrome (ARDS) is a global disease that is described as a rapid onset of severe hypoxic respiratory failure and changes in respiratory system mechanics. There are three main abnormal physiological alterations as ARDS progresses, which are severe hypoxemia, inability to wash out the carbon dioxide (CO 2 ), and intact reduction in the available lung units to ventilate. The prevalence of ARDS in critical care units impacts up to 23% of patients who are mechanically ventilated. [1] Loss of aerated lung tissue due to collapse, pulmonary flooding or consolidation, and increased permeability of the pulmonary vasculatures are associated with ARDS. [2] Indeed, these alterations in the lung units put the patient at high risk of ventilatorinduced lung injury (VILI) either by atelectrauma or by overdistention. [3] Recently, a multinational observational study called "lung safe study" attempted to find the incidence of ARDS in the Intensive Care Unit (ICU), and the results of this study revealed that the overall mortality rate caused by ARDS ranged from 34.9% to 46.1%. [1] Use of mechanical ventilation (MV) support is crucial in the management of ARDS patients and largely affects the survival rate. Nevertheless, MV may cause VILI that can aggravate lung injury from the original cause of ARDS such as multiorgan dysfunction. [4] [5] [6] [7] [8] [9] VILI is characterized by a chaotic inflammatory response along with diffuse systemic involvement (biotrauma) driven by pressure (barotrauma) and volume (volutrauma) overload. [10] Since ARDSNet trials published in the year 2000, there have been tremendous trials that intended to identify ventilation strategies to reduce or prevent VILI in ARDS patients. Subsequently, it has been believed that lowering the tidal volume (V T ) to 6 ml/kg of predicted body weight (PBW) improved the outcome and reduced the incidence of VILI. [11] However, there is a growing body of evidence that shows patients with limited aerated lung units available for ventilation can still be affected by VILI although V T is 6 ml/kg of PBW. [12] In addition, plateau pressure and positive end-expiratory pressure (PEEP) also have a substantial role in reducing or inducing the mechanical stress in the lung. [4, 8] There has been evidence to limit V T to the PBW to protect the lungs by targeting the V T to lung size. However, the proportion of the lung units available for ventilation is significantly reduced in ARDS patients and this reduction is reflected by decreased respiratory system compliance (C R S). [12, 13] In the past 3 years, driving pressure (DP) has been a major area of interest within the ARDS management after the Amato et al. study. [14] This study had a multilevel mediation analysis that used data from ARDS patients who enrolled in previously reported randomized and controlled trials. Relatively, low levels of DP were found to be significantly associated with survival in ARDS patients, whereas V T and PEEP were not independently associated with survival. Since the concept of DP has received considerable critical attention in the literature, this review is intended to discuss the physiological background of DP, clinical applications and limitations of DP in ARDS patients, and current clinical evidence pertinent to the outcome.
PhysIologIcal Background of drIvIng Pressure
Amato et al. suggested that the causation of VILI could be due to the cyclic recruitment-de recruitment and tidal hyperinflation of the aerated lung units in ARDS due to an increase in pressure during MV. [14] This difference in the applied pressure is known as DP. DP is the difference between the plateau pressure (Ppl) and PEEP. [14, 15] 
DP = Ppl − PEEP
The static compliance of the respiratory system (C RS ) is calculated as a ratio between V T and the pressure change (DP). Thus,
The DP can be written as the ratio between V T and the static compliance of the respiratory system resembling the lung and chest wall elastance. [16] DP = V T /C RS Thus, in simple mathematics, DP is the proportion between the V T and C RS of the patient. This ratio of C RS could be constant for all available lung units for ventilation. Amato et al. in their study also postulated that the influence of tidal ventilation could be measured in a better way if V T can be normalized to C RS instead of PBW. This is suggesting that the ratio of V T /C RS be a surrogate to the lung dynamic strain; although, V T according to the PBW could be imprecise as the available lung volume is variable with the severity of ARDS.
It is worth mentioning that there is a relationship between the airway DP (Pplat-PEEP) and transpulmonary DP (Airway Pplat -PEEP and esophageal plateau -end-expiratory esophageal pressure). Taking into consideration the chest wall elastance, such a variable can positively quantify lung stress, which may be a harmless strategy to modify MV support. [16, 17] This is certainly true in the case of minimal to huge overestimation of transpulmonary pressure such as in patients who are underweight, have pneumonia, morbid obesity, and increased intra-abdominal pressure. Indeed, transpulmonary DP is certainly less than the airway DP in patients who are sedated in the absence of spontaneous breathing efforts. [18] For that reason, adjusting V T according to the available lung units by calculating DP instead of IBW could lead to a better protective lung strategy in ARDS patients. [14, 15] factors InfluencIng drIvIng Pressure MeasureMents For patients who are deeply sedated and mechanically ventilated with no obvious dynamic hyperinflation, DP is defined as Pplateau -PEEP, which equals V T to C RS ratio. Indeed, DP basically reveals the degree of lung stretch during the delivery of a single breath. [19] Studies reported that lowering the DP by adjusting the ventilator parameters has a strong relationship with associated clinical outcome and survival; modifications in V T , V T calculated by PBW, Pplat, or PEEP influenced the overall clinical outcome only when there is a change in DP. [14] DP is obviously affected by chest wall elastance, which may grossly vary amongst patients. Therefore, meticulous attention has to be given while assessing DP to estimate the lung properties. The effect of reformed elastic properties of the chest wall on distending pressure may be crucial in such cases. [16] During controlled MV in the absence of spontaneous breathing efforts, the inspiratory muscle pressure (Pmus) is considered to be zero, and it should not interfere in the measurement of DP. [20] Measuring the DP on an assisted/spontaneously breathing patient on mechanical ventilator may not be accurate as compared to controlled ventilation. Airway pressure delivered by a ventilator throughout assisted breaths is always less compared to a fully controlled breath delivery. Physiologically there is a massive fluctuation in the transpulmonary pressure during any spontaneous effort because of a forceful inspiratory effort, which may contribute to show diverse values. [20] However, when DP is measured from the Pplat when the flow is not zero, dynamic transpulmonary pressure reflects the elastic properties of the chest wall as well as the resistance from the airways. This is evidence that the airway resistance considerably varies with changes in flow, which will affect the DP measurement to a certain extent. [21] In the course of an assisted breath, the patient makes a portion of the total work done for breathing; hence the measured Pplat may limit the indirect measurement of transpulmonary pressure.
Currently available studies show Pplat was calculated at 0.5 s after the beginning of the end-inspiratory pause phase in the ARMA trial, [11] while the PEEP used was the set PEEP rather the total PEEP. Correspondingly, those studies did not embrace the slow decline in airway pressure at the end of inspiratory pause and the auto-PEEP. [22] In addition, a high respiratory rate may cause auto-PEEP because of shorter expiratory time. Therefore, the calculated DP from set PEEP may lead to overestimation of the actual DP of the lungs. Moreover, the presence of a leak, whether in the ventilator system or around the tube, and patients with air leak syndromes may raise the difference between actual DP and measured DP.
The gradual rise of DP seems to be more imperative than the maximum plateau pressure applied, and the possible occurrence of damage by cycling determines overall tissue damage. [14, 23] The ventilator flow rate, method of delivery and clinically regulated variables (often not well thought out in the lung-protective strategy) have also been shown to be influential even if the plateau and DPs remain constant. [24, 25] Ultimately, the DP measurements will be extensively influenced by the method in which Pplat and PEEP are measured.
factors lIMItIng drIvIng Pressure
Bedside measurement of DP has emerged as a reliable and modest tool in understanding the prognosis and response to the treatment in the management of critically ill patients on mechanical ventilators. Recent studies support limiting DP below or equal to 14 cmH 2 O to have a significant role in minimizing VILI and resulting in a better outcome. [14] There are different strategies to limit DP during MV in ARDS patients; PEEP is given the priority among them. To assess the balance between opening, closing and overdistention during the mechanical breath, it has been suggested that DP is measured at different levels of PEEP. [14] Thus, if PEEP is increased during constant V T and DP reduces, this indicates that there is an increase in the C RS and that the higher PEEP is recruiting more number of nonaerated lung units. Similarly, if the DP increases and the C RS decrease with an increase in PEEP, it suggests that increased PEEP is causing overdistention of the aerated lung units. [26] Therefore, titrating PEEP to reduce DP may allow the clinician to minimize further injury to the lung due to MV.
Spontaneous breathing effort and asynchrony are commonly seen in mechanically ventilated patients with ARDS due to a couple of known associated complications. Paralyzing and deep sedation favors these patients during the initial stage, which causes a significant reduction in transpulmonary pressure and improvement in outcome. [27] There is no clear evidence to prove the crucial role of these strategies in the measurement of DP. However, it has been known that sedating and paralyzing the patients on a mechanical ventilator could enhance the protective lung ventilation in the early phase of ARDS progression. [28] There is an indirect correlation with reduction of DP and associated and neglected areas in airway management such as proper airway conditioning and CO 2 clearance. Presence of dead space, whether physiological or mechanical, will reduce alveolar ventilation fraction of the delivered volume, and this reduction is crucial in washing out CO 2 , especially with a low V T strategy in ARDS management. There are airway adjuncts that could increase or decrease dead space such as heat moisture exchangers (HMEs) and heated wire humidifiers. This has been shown in the literature. In comparison with HMEs, one study found that heated humidifiers permit a reduction in V T and Pplat without any variations in CO 2 as a result of decreasing the dead space by the heated wire humidifiers. [29] As a result of eliminating this dead space, the plateau pressure decreased and subsequently the DP. This reduction was not found to be due to the increase in PEEP (DP = Pplat-PEEP) since it was maintained at a constant level throughout the study. In addition, applying longer inspiratory pause promotes CO 2 washout by enhancing diffusion as well as time for gas exchange. This pause reduces dead space and permits further washout of CO 2 which permits decreasing the V T , and ultimately the DP. [30, 31] Figure 1 shows suggested flow diagram for the measurement and titration of DP in mechanically ventilated patients. is done for normalizing the V T for the C RS or to the available lung units for ventilation. This reduction in C RS and V T in ARDS patients limits the tidal hyperinflation and prevents VILI. However, there is a paucity of evidence by literature to show the relationship between C RS and V T during MV and mortality in non-ARDS patients. (b) A relatively low PEEP and shorter time of ventilation assistance, early weaning and extubation also may be associated factors that contribute to the inability to demonstrate reduction of mortality in non-ARDS patients despite the effects on DP. Marcello et al. study also reveal less association between DP and mortality in those patients who have PF ratio >300, but DP significantly affects patients who have a PF ratio <300. It is worth mentioning that their study is the first to explore the relationship between DP and mortality in non-ARDS patients and hence, their findings should be interpreted with caution.
MeasurIng drIvIng Pressure In nonacute resPIratory dIstress syndroMe PatIents

current evIdence for the use of drIvIng Pressure In crItIcal care unIts
The relationship between DP and patient outcomes regarding mortality was first identified by Estenssoro et al. in 2002 . They prospectively observed 235 ARDS patients, and their results showed that at the 1 st week, DP was an independent variable that consistently differentiated between patients who survived or who have poor outcomes besides other physiological indicators, for instance, PF ratio. [32] The first serious discussions and analyses of DP emerged in 2013 by Amato et al. with the meta-analysis of nine prospective trials that involved 3500 ARDS patients. The most striking results to emerge from this data was that DP was found as an independent paramount factor that associated with ARDS survivors. Interestingly, this correlation existed although the parameters of MV were strictly manipulated by following protective ventilation strategies such as limiting the V T to <6 ml/kg of PBW and Pplateau <30 cmH 2 O. [14] Turning now to the experimental evidence on measuring DP and by the results from Amato et al., further studies have proved that DP is strongly associated with the mortality rate in ARDS patients. [14, 18, 33] They found that using PEEP titration to limit the adverse effects of increased transpulmonary pressures significantly benefits both respiratory system elastance and DP. Thereby, they concluded that implementation strategies to reduce the transpulmonary and respiratory system DP in the initial phase of managing ARDS patients would improve patients' survival rate. Similarly, other randomized controlled trials (RCTs) in ARDS patients have revealed that DP is an associated risk factor for increased hospital mortality beside C RS and Pplat. [34] [35] [36] Recently in 2017, Villar et al. studied 778 patients who identified patients with moderate to severe ARDS to evaluate the associated risk factors of mortality based on MV settings such as V T , PEEP, Pplat, and DP. Their findings revealed that measuring the Pplat correlated better with mortality than DP in patients undergoing MV with protective lung strategies. The identified cut-off values for both Pplat and DP at the risk of increased death were 29 and 19 cm H 2 O, respectively. [37] In one of the largest multinational, observational studies conducted on 2377 patients with ARDS and admitted in 52 ICUs, DP was associated with higher mortality rather than V T in patients with moderate-to-severe ARDS. [1] Interestingly, their result reported that limiting DP with other risk factors such as active neoplasm, hematologic neoplasm, and chronic liver failure could decrease mortality and improve outcomes. [38] An RCT published by Cavalcanti et al. offers some important insights into the management of ARDS and recruitment strategies to minimize VILI by titrating the PEEP and limiting the DP. [39] They found that lung recruitment and titrated PEEP strategy as compared to low PEEP increased mortality. The possible explanations for such results were initially thought to be physiological side-effects of lung recruitment and PEEP, such as hemodynamic instability and overstretched lung units even though DP was reduced. Second, as a result of using low V T strategy in the controlled group, DP was decreased, which resulted in lower mortality compared with the interventional group. The last possible explanation for their findings is the breath stacking phenomenon which was caused by an inadvertently higher V T delivery compared to the set V T . This effect was similar in both arms but might have caused more over-distention in the higher PEEP group.
conclusIon
Measuring the DP for adjusting the ventilator parameters (especially the V T ) is a remarkable clinical change that warrants more investigations. Obviously, lung volumes vary grossly in diverse patient groups depending on their sex, height and certainly altered pathologic progressions in disease as well as their distinct characteristics of the chest as a whole. Previous studies strongly supported the use of low V T and a moderate amount of applied PEEP levels to reduce VILI, probably due to a reduction in DP thereby, less possibility of overdistention of the alveoli. The current data highlight the importance of limiting the DP to < 14 cmH 2 O, while accepting the fact that identifying a properly targeted DP in an individual patient is a real challenge. Measuring DP and adjusting the V T accordingly in ARDS patients may be a good strategy for reduction in mortality. However, in non-ARDS patients, there is a paucity of evidence to explore the relationship between DP and mortality rate in this patient group. Considerably more work will need to be done through randomized controlled clinical trials to assess the ventilator changes required to achieve an ideal DP level. Such an investigation would help to determine whether our observations could be translated into clinical changes that may be implemented at the bedside.
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